Leveraging supply chains to create value and enhance competitiveness has generated considerable interest in both academic and practitioner communities. One of the key drivers of value creation within the supply chain is quality. Companies can actively influence quality not only through their own design and manufacturing practices, but by involving suppliers and customers in their quality initiatives. This study provides details of a study that examines from a supply chain perspective, the impact of operational quality practices. Specifically it examines how firms can, by leveraging knowledge about customers' expectations, supplier commitment to quality, and their own internal quality practices, impact measures of quality indicative of a firm's success in the market place. Regression models demonstrate that exploiting operational quality practices both internally and externally positively impacts measures of product quality and customer service. More importantly, they suggest that externally focused efforts are not only perceived by firms to be of greater importance, they have as strong an impact on performance as internally focused efforts.
Introduction
The subject of supply chains has generated considerable interest within both the business and academic communities. Firms seeking to improve performance are reexamining not only how they get products into their customers' hands but how they can better respond to customers' needs. This has involved critically reexamining all aspects of their supply chain from how they ascertain what customers want and assessing whether they are responding to this, to how they utilize their own and their suppliers' capabilities to fulfill their obligations to customers. Quality, customer focus, outsourcing, and value added have become synonymous with firms' efforts to respond to increasing competition, and how they are leveraging their supply chains to this end.
Much of the early literature on supply chains focused on issues related to the management of material and information flows. The supply perspective of supply chain management for example (Tan et al., 1998) reflects the rationalizing and streamlining of the supply base, and involving suppliers in key decision making processes such as product development and sourcing (e.g., Krause, 1997 , Monczka et al., 1994 , Ragatz et al., 1997 , while the logistics perspective reflects efforts to replace inventory with information, and streamlining and coordinating transportation and distribution processes (e.g., Davis, 1993 , Houlihan, 1987 , Scott and Westbrook, 1991 . More recent studies have examined the concept of supply chain integration, the coordination of design, production, and distribution activities across the supply chain (e.g., Frohlich and Westbrook, 2001 , Lummus et al., 1998 , Morash and Clinton 1998 .
To date, relatively little attention has been paid to the issue of quality in a supply chain context. While several authors have spoken of the importance of quality across the supply chain (e.g., Coyle et al., 1996, Johnson and Wood, 1996) , few have in fact taken a chain wide perspective of quality. In contrast, quality management at the firm level has received considerable attention. Several studies have for example identified the core elements of quality management systems (e.g., Ahire et al., 1996 , Black and Porter, 1996 , Saraph, 1989 , while others have examined linkages between these factors and organizational performance (e.g., Anderson et al., 1994 , Dow et al., 1999 , Flynn et al., 1995 , Samson and Terziovski, 1999 .
As a result, much is now known about how to develop a quality strategy and how to deploy resources in the context of this strategy. In particular, having a strong customer focus (e.g., Anderson et al., 1994 , Ahire et al., 1996 , Black and Porter, 1996 , and paying careful attention to supplier quality (e.g., Flynn et al., 1995 , Ahire et al., 1996 are key elements of any quality management strategy. However, while the literature has identified the importance of customers and suppliers in a firm's quality improvement efforts, it has focused largely on strategic quality management. Little empirical evidence exists of either the impact of operational quality practices or quality practices within the supply chain more broadly. How a firm interacts with its supply chain to understand customers needs, and works to ensure that its suppliers' capabilities can meet these needs, is however of some significance.
Supply Chain Quality
Several studies in the purchasing/logistics/supply chain management literature have examined the positive impact of quality at various interfaces of the supply chain. The impact of supplier quality (e.g., Burt et al., 2003 , Krause, 1997 , Kuei et al., 2001 , Tracey and Vonderembse, 2000 and the role of buyer/supplier relationships on quality (e.g., Wong et al., 1999) have for example been extensively documented. Similarly, studies have examined the role of quality in logistics (e.g., Read and Miller, 1991 , Millen and Maggard, 1997 , Millen et al., 1999 . Few studies have however explored beyond the immediate customer or supplier interface to develop a broader understanding of quality practice within the supply chain. Forker et al., (1997) investigated the impact of quality management practices throughout supply chains on quality as measured by a common customer. They observed that management of supplier quality throughout the chain was directly related to higher levels of quality conformance, reduced variation in quality performance, and reduced production cost. Salvador et al., (2001) examined how interactions between an organization and its suppliers and customers to achieve high material quality impact time based performance. These interactions were found to provide information that can be used to improve operations control and coordination, thereby positively influencing time based performance. Kanji and Wong (1999) examined the impact of commitment to suppliers and customers on a broad measure of supply chain performance that incorporated both firm performance and measures of customer and supplier satisfaction. They observed not only high levels of commitment to relationship building and continuous improvement, but positive relationships between the two variables. Relationship building and continuous improvement were also shown to positively impact performance. Romano (2002) examined the impact of firm sensitivity to quality certification programs on quality management practices and operational performance. Sensitivity for suppliers was defined as the extent to which a firm used certified suppliers, while for customers it was defined by whether the firm was driven by customer pressure to seek certification. Firms in highly sensitive chains, those in which both customers and suppliers are sensitive to certification, were observed to not only have more advanced quality systems but to more rapidly achieve ISO 9000 certification than others. Firms sensitive on the supplier side also used quality management practices more extensively prior to certification than those that were not. In particular, they had a greater emphasis on the use of in process controls as opposed to inspection based quality management.
A separate stream of research has examined the relationship between a firm's position within the supply chain and the type and extent of quality management practices it uses. Both Choi and Rungtusanatham (1999) and Rothlein et al., (2002) observed that position within the supply chain has no impact on quality management practice. This is significant in that it has been speculated that in industries such as the automotive industry, quality efforts are driven by assemblers. Assemblers and first tier suppliers would thus be expected to be further along in their quality management initiatives.
Research Questions and Methodology
As the above discussion suggests, analysis of quality management within the context of a supply chain is still at an early stage. Two weaknesses however are of particular note. First, as is the case with the quality management literature in general, the literature focuses predominantly on strategic quality management. Prior studies in the quality management literature have demonstrated that operational quality practice has a significant impact on organizational performance (Kannan et al., 1999) . Romano and Vinelli (2001) also highlighted fundamental differences in operational quality practice between firms that are tightly coordinated with their supply chain partners and those that are not. Beyond this however, there is little evidence of the impact of operational quality practice in the context of a supply chain, and in particular how it affects a firm's performance. This raises the question Does a positive relationship exist between a firm's internally focused operational quality practices and organizational performance?
Second, prior studies have focused primarily on the producer firm or the supplier interface, with less attention being been paid to the customer interface. More significantly, there has been little attempt to simultaneously assess the impact of internally as well as externally focused operational quality management efforts. As the literature suggests however, the success of a firm in leveraging its supply chain depends on its both being able to accurately gauge and respond to customer needs and expectations, and using this to drive its design and production efforts. This raises the questions Does a positive relationship exist between a firm's externally focused operational quality practices and organizational performance, and Do a firm's internally and externally focused operational quality practices interact to impact organizational performance.
To obtain data to address these questions, a survey instrument was developed. Survey research is one of the most widely used methods for collecting primary data, particularly when studying unexplored research areas and where meaningful secondary data are not available.
Much of the prior research in both quality and supply chain management has been survey based.
Surveys not only enable the solicitation of empirical data that reflects contemporary business practice, they enable large samples to be gathered from a diverse population. A review of the literature and discussions with industry professionals was initially used to identify thirty seven indicators of operational quality. Seven of these pertained to customer quality, and fifteen each to supplier quality and internal process quality. Survey questions were developed that sought information on the importance of the indicators as part of a firm's efforts to manage quality within its supply chains. In addition, information was sought on product quality and competitiveness, the two dependent variables of interest. These variables directly reflect the success of efforts to leverage the supply chain to achieve quality. Respondents were asked to assess their firm's performance on these metrics relative to that of their competitors.
The survey instrument was pre-tested by senior purchasing and materials managers and where necessary modified to improve the clarity and validity of questions. Pre-tests were not included in subsequent analysis. The revised survey was sent to senior purchasing and materials managers of manufacturing firms in the United States identified from Institute for Supply Management (ISM) and the Educational Society for Resource Management (APICS) membership lists. The two membership lists were combined, and any duplicate names removed.
A survey was mailed to each respondent, followed by a reminder postcard two weeks later. A further two weeks later, a duplicate survey was mailed to those yet to respond. Fifteen hundred surveys mailed out yielded two hundred and forty three useable responses. Of these, one hundred and seventy eight came from finished goods manufacturers, the remainder coming from component and raw materials producers. To test for non-response bias, surveys were separated into two groups based on return date, late arriving surveys considered representative of nonrespondents (Armstrong and Overton, 1977, Lambert and Harrington, 1990) . t tests of sales, number of employees and several randomly selected questions indicated there were no statistically significant differences in mean responses were observed, indicating the absence of non-response bias. Similar tests comparing responses from the two survey populations (APICS and ISM) also indicated no statistically significant differences, allowing the two samples to be merged.
To verify that survey scales measured the corresponding construct and were reasonably free of measurement error, reliability analysis was carried out using the Cronbach's  measure (Cronbach, 1951) . For each scale, the value of alpha returned was in excess of 0.90 1 , well in excess of the minimum generally acceptable value of 0.70 (Nunnally, 1988) . Factor analysis was used to reduce the Customer Quality, Supplier Quality, and Internal Process Quality scales to their constituent factors. Principal Components Analysis was used to extract factors with eigen values greater than 1, and Varimax rotation was used to obtain a more interpretable factor matrix. The Bartlett Test of Sphericity and the Kaiser-Meyer-Olkin measure of sampling adequacy were used to validate the use of factor analysis. Items with factor loadings lower than 0.50 were dropped from subsequent analysis (Nunnally, 1988) .
The seven customer quality indicators loaded onto a single factor, to be referred to as customer input (CI, Table 1 ). Nine of the supplier quality indicators similarly loaded onto a single factor, to be referred to as supplier quality (SQ). Five indicators did not load onto this factor nor did they have acceptable factor loadings on any of the other factors 2 . The fifteen internal process quality indicators formed three distinct factors. Nine loaded onto a factor reflecting quality efforts during product design. This factor is referred to as design quality (DQ).
Four indicators combined with the remaining indicator from the supplier quality scale, supplier efforts to promote JIT, to form a factor reflecting efforts to adopt practices associated with JIT systems. This factor is referred to as JIT Quality (JQ). The remaining two indicators formed a factor reflecting efforts to establish and maintain the integrity of production processes. This is referred to as Process Integrity (PI). The five factors accounted for fifty-seven percent of total variance. Tukey multiple comparisons of mean responses indicated that firms consider customer input (mean score = 4.09) and supplier quality (4.12) to be of greatest but equal importance.
Similarly, design quality (3.49), JIT quality (3.53) and process integrity (3.55) were considered to be of equal importance. These results suggest that firms are more focused on externally as opposed to internally focused quality practices. Whether this is the result of their being proactive in focusing on the supply chain as a whole or already having high enough levels of internal quality that they are no longer a priority, is however not clear.
2 These reflected the importance of testing capability, commitment to quality, process capability, commitment to continuous improvement, and efforts to eliminate waste when selecting suppliers.
For each performance measure, multiple linear regression analysis was used to test relationships with the five factors derived from the factor analysis. Three interaction terms were also included. An underlying premise of the quality movement is that products should reflect customer needs. Moreover, in the context of a supply chain, firms will be motivated to work closely with customers to ensure not only that customer needs are met, but in a manner that effectively leverages the firm's design capabilities. It thus follows that design processes and depends not only on the quality of the supply process but also on the integrity of internal processes. Poor quality incoming materials can result in the need to carry additional material inventory, poor finished goods quality, or delayed delivery. Similarly, internal processes that fail to perform at anticipated levels can result in disruptions to internal supply processes. This suggests interactions between variable JQ and variables SQ and PI. The resulting models were thus of the form Performance (PQ, CS) = α + β1CI + β2SQ + β3DQ + β4JQ + β5PI + β6CIDQ + β7JQSQ + β8JQPI
Results indicate that both regression models are significant ( = 0.05, Table 2 ). The
Durbin-Watson statistic and normal probability plots also indicated that residuals are independent and normally distributed. All significant regression coefficients in both models exhibit the correct sign, suggesting that they are positively related to the performance measures and that the results are consistent with underlying theory. * Significant at  = 0.10 Table 2 : Regression Models
Discussion
Four of the five factors and the interaction between customer input and design quality significantly impact product quality. As expected, customer input is positively related to product quality, and indeed yielded the highest regression coefficient ( = 0.263). This is consistent with findings from the quality literature (e.g., Ahire et al., 1996, Anderson et al., 1994, Black and  Porter, 1996) that address the need for quality management strategy to be driven by a strong customer focus. However, the results here illustrate the importance of the information gathering and feedback process with regard to customers. Not only is it necessary to have a quality management strategy that is responsive to the needs of the marketplace, specific mechanisms need to be in place to elicit information about current customer needs, whether these are being met or not, and how to respond as these needs change. This reflects a key premise of supply chain management that information flow is a key tool in linking members of the chain. Supplier quality is also positively related to product quality. Poor quality inputs compromise overall product quality. Firms that themselves are committed to achieving high levels of product quality will have their efforts undermined if their suppliers do not themselves have established quality systems in place and cannot verify the quality of their products. This is consistent with prior findings in the supply chain management regarding the role of suppliers in achieving quality (e.g., Kanji and Wong, 1999) . The result is also consistent with those in the quality management literature regarding supplier relations, and those in the purchasing literature regarding the importance of certifying key suppliers' products and processes. However, the result here stresses the impact of specific actions aimed at ensuring quality in the supply process in addition to the need to build closer relationships with suppliers.
Design quality, and more importantly its interaction with customer input, is positively related to product quality. This reiterates the fact that it is important not only to have effective design processes, as suggested in the quality management literature, but that they adequately reflect customer input. It also highlights the need for mechanisms that allow for effective dissemination of information between customers and product developers. The lack of mechanisms for communicating product design features within and across organizational boundaries has in the past hindered efforts to involve customers in design processes (Govers, 2001, Martins and Aspinwall, 2001 ). The results here however demonstrate that the interaction between customer input and design process is a key determinant of product quality. The positive coefficient of the interaction term also suggests that customer input and design quality should be implemented simultaneously so that their combined effect can be exploited. While the relationship between process integrity and product quality is significant, it is not as strong as relationships between other independent variables and product quality. The emphasis in product quality is clearly on meeting customer needs, but the implication is that designs that accomplish this can be compromised if quality is not supported during the production process. Somewhat surprisingly, neither JIT quality nor its interactions with supplier quality and process integrity have a significant impact on product quality. This may be a reflection of the fact that the adoption of JIT is just one way to achieve high levels of quality. Moreover, coupled with the relatively low coefficient for the process integrity factor, it may indicate that ultimately it is the ability of the product design to meet expectations that is crucial in evaluations of product quality rather than how the product was produced.
Three factors positively impact customer service. Similar to the product quality model, customer input has the highest regression coefficient ( = 0.327). It is to be expected that a commitment to identifying and more importantly responding to customer needs, will be viewed favorably by customers. This will in turn be reflected in internal measures of customer service, for example measures of customer satisfaction. Somewhat surprisingly given its insignificant relationship with product quality, just in time quality is also positively related to customer service. This suggests that a firm's ability to respond rapidly to customer needs is a key driver of customer satisfaction. It may also be a reflection of satisfaction with the manufactured quality of products. Design quality also positively impacts customer service. As suggested above, this may be a reflection of customers' favorable perceptions towards a firm's ability to respond accurately to feedback regarding their needs and expectations. Neither supplier quality nor process integrity have a significant impact on customer service, nor do any of the three interaction terms. This is consistent with the fact that customers are concerned with whether products meet their needs in a timely manner, and not with the details of how this is accomplished.
Conclusions
This study sought to examine how by considering operational quality both internally and externally across the supply chain, firms can positively impact measures of quality typically considered important to customers. The results demonstrate the importance of not only having a strong internally focused quality effort, but that externally focused efforts involving customers and suppliers have a considerable impact on product and customer service quality. In particular, major findings are that customer input has a significant impact on both product quality and customer service, and that firms need to carefully assess customer expectations and use what is learned to drive product design activities. While these results have been alluded to in the quality management literature, they are distinct in that they are based on specific operational tactics firms can adopt to involve customers and suppliers in their own quality management efforts.
Moreover, they are based on a firm's interactions with its supply chain partners rather than the firm acting in isolation. The results are also consistent with prior findings from the supply chain management literature that, from the standpoint of strategic quality management, address the importance of managing relationships within the supply chain.
The results presented here represent an initial effort to understand how quality can be improved by leveraging the day to day operational tactics of a broad set of participants within the supply chain as opposed to those of a firm and its immediate upstream or downstream partners.
Additional work is needed to examine the specific mechanisms by which interactions between supply chain participants contribute to quality improvements and how these can be successfully implemented. Work is also needed to better understand the relative impact of specific practices at different points in the supply chain. Another key unresolved issue is how to assess the relative contribution to quality improvements of various participants in the supply chain, and how improvement efforts and rewards should be shared so as to best serve the supply chain as a whole. Greater understanding of these issues will enable firms to more effectively leverage their supply chains thereby increasing the value that they create.
